Introduction

50
The relationship between a phenotype and a specific genetic change, also referred to as 51 expressivity, depends not only on the environment, but also on the genetic background in 52 which a mutation occurs (Dowell et al., 2010; Chandler et al., 2013; Chari and Dworkin, 53 2013). Although typically treated as a nuisance by laboratory geneticists, such epistatic 54 interactions are not only central to studies of genetic variation in populations, but can also 55 increase our understanding of genetic networks and phenotypic robustness (Félix, 2007; Félix 56 and Wagner, 2008; Paaby et al., 2015; Vu et al., 2015) . Similar to its implications for human 57 health (Schilsky, 2010) , the accurate prediction of background-dependent phenotypic effects 58 of specific mutations is of great interest to crop breeders.
59
Gibberellins (GAs) are phytohormones with well-documented roles in germination, 60 stem elongation, flowering, and leaf-, seed-and fruit development, often in response to 61 environmental changes (Hedden, 2003; Ueguchi-Tanaka et al., 2007; Schwechheimer and 62 Willige, 2009; Claeys et al., 2014) . In addition, roles in plant immunity have been discovered 63 (De Bruyne et al., 2014) . GA20-oxidase (GA20ox), a rate-limiting enzyme in the GA 64 biosynthesis pathway, catalyses consecutive oxidation events in the late steps of the formation transgenics had larger rosettes (Fig 2C) , as measured by 'rosette-expressivity' corresponding 134 to the ratio of a transgenic line rosette area to that of the wild-type. The penetrance,
135
corresponding to the proportion of accessions showing an increase rosette area, was therefore 136 of 60%.
137
To test if the accessions show the same variation in response after exogenous 138 treatment of GA, wild type plants were grown in soil for 14 days and sprayed every two days 139 with GA 3, and at 25 days, individual leaf area was measured. As shown in Supplemental Fig   140 Table S7 ), we observed that accessions for which a large decrease in leaf 141 area was found upon GA20ox1 overexpression (An-1, Ler-0, Blh1 and C24) also a decrease in 142 leaf area was obtained upon GA 3 treatment. Similarly, accessions for which transgenics 143 showed the larges increase in leaf area (ICE61, ICE138, ICE97 or Oy-0) also present an 144 increase in leaf area when sprayed with GA 3 . For few accessions (WalhaesB4 or Col-0), the 145 effect was different between the transgenics and the GA-treated plants. This discrepancy 146 might be explained by the fact that the treatment started at 14 days while GA20ox1 is 147 overexpressed from the germination.
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148
In conclusion, we confirm that these accessions respond differently to changes in GA 149 and that in the majority of the accessions the size of the young leaves is increased. 
7
GA levels 151 Next, we measured GA levels in the transgenic lines (Fig. 2E and Supplemental 152 Fig. S7). We found that accumulation of GA20ox substrates GA 53 , GA 44 , GA 19 and GA 24 was 153 reduced, whereas GA20ox products GA 9 and GA 20 , two bioactive forms, as well as GA 8 , a 154 bio-inactive form of GA, were strongly increased in all transgenic accessions compared with 155 their wild-type control. We noticed that, within each accession, the levels of GA 1 , and also of 156 GA 4 , in the different transgenic lines were relatively constant. For example, similar high 157 amounts of GA 4 were found in the five transgenics from Ler-0 and this accumulation was 3 158 fold higher than the levels in the five transgenics from Blh-1. This constant level of 159 accumulation suggests that the levels of these GAs are particularly well buffered within a 160 given accession against different levels of GA20ox1 overexpression. However there was no 161 correlation between GA levels and expressivity of the growth-related phenotype
162
(Supplemental Table S8 ), indicating that the downstream growth responses differ across 163 accessions.
164
We also found that rosette-expressivity was significantly positively correlated with 165 leaf number, fresh and dry weight of the wild-type accessions and negatively correlated with 166 both vascular complexity and density (Supplemental Fig. S8 ).
167
In conclusion, GA20ox1 overexpression causes distinct effects in different accessions,
168
with the majority of accessions showing an enhanced leaf and rosette size. (Fig. 2D ) and the transition between cell proliferation and cell expansion is 175 crucial for determining the final leaf size (Andriankaja et al., 2012; Gonzalez et al., 2012; 176 Hepworth and Lenhard, 2014), leaves were micro-dissected (size < 0.25 mm 2 ) at the 177 beginning of this transition, either at 12 or 13 DAS depending on the accession (see Methods)
178
and used for RNA-seq. At this time point, only GA20ox1 and 2 were found to be expressed in 179 the wild type accessions with variable expression levels mainly for GA20ox2 between the 180 accessions (Supplemental Fig. S9 ). Since these two genes are the major expressed forms of 181 the GA20ox gene family in the accessions used for RNAseq, we also verified the sequence of
182
GA20ox2. As for GA20ox1, we found small changes between the accessions in the cDNA 183 sequences that led to synonymous changes (Supplemental Fig. S10 ). and GA2ox4) were up-regulated, and GA biosynthetic genes GA3ox1 and GA20ox2 were (Fig. 3C ). Since we analysed young developing leaves, a possible explanation is that GA 209 promotes growth and delays the onset of differentiation and the establishment of the 210 photosynthetic apparatus by decreasing leaf chlorophyll content (Cheminant et al., 2011) .
211
To identify genes for which the expression pattern could be linked to the degree of (Fig. 4) Fig. S14 ). Among these genes, 13 were found to be significantly differentially expressed with 221 a fold change higher or lower than 1.5.
222
We speculate that these genes (discussed below) might have important roles in 223 determining the influence of GA20ox1 overexpression in the different accessions. however be found between the levels of GA20ox1 overexpression or the levels of various GAs 246 and the observed effects. Similar genotype-dependent effects on freezing tolerance were 247 found when the cold tolerance genes CBF1, CBF2 and CBF3 were down-regulated in eight 248 different accessions of A. thaliana (Gery et al., 2011) .
249
We also observed that the biomass of the wild-type accessions was positively 250 correlated with the growth-promoting effect of GA20ox1 overexpression on rosette size.
251
Accessions with larger rosettes showed a more pronounced response to GA20ox1 252 overexpression than those with smaller rosettes. We hypothesize that in large accessions, the 253 growth-regulatory network is less constrained and more prone to the effect of positive growth 254 regulators, whereas in small accessions, which have a more restrictive growth network, it 255 would be more difficult to make larger plants. In addition, it seems that there is more room for for the control of feedback regulation of GA-related genes (Ribeiro et al., 2012) . Second, at 270 the protein level, the amount of the GA-receptor (GID) and DELLAs, which are negative 271 regulators of GA signalling, their affinity and efficiency to form the regulatory module GA- auxin-related genes were also found to correlate with rosette-expressivity: ARABIDOPSIS 291 ABNORMAL SHOOT3 (AT4G29140) (Li et al., 2014) and REVEILLE 1 (AT5G17300) (Rawat 292 et al., 2009 ). Interestingly, it has been shown that REVEILLE 1 binds to the promoter of 293 GIBBERELLIN 3-OXIDASE 2, can inhibit its transcription and therefore suppress the biosynthesis of GA (Jiang et al., 2016) . Further work is required to determine whether this 295 subset of genes has, either alone or in combination, a functional role in determining the 296 accession-specific responses to elevated GA levels. existence of an accession-specific plateau for maximal accumulation of these GAs. GA levels 317 were therefore not correlated with the phenotypes suggesting that high accumulation of GA is 318 not always responsible for a positive growth regulation.
319
In order to provide further insight into the mechanism that is behind the accession-320 specific effect of GA perturbation, screening for modifier genes that suppress the response to 321 GA perturbation in transgenic lines of a specific accession could be performed. Furthermore, 
MATERIALS AND METHODS
326
Plant Material and Growth Conditions
13
Seventeen Arabidopsis accessions were selected to cover most common genetic 328 variants of Arabidopsis thaliana (Supplemental Table S1 ) and used to generate GA20ox1 329 overexpressing lines. cDNA of the full GA20ox1 coding region from Col-0 was cloned in the 330 fluorescence-accumulating seed technology (FAST) vectors (Shimada et al., 2010) and 331 introduced into the 17 accessions following the floral dip protocol (Clough and Bent, 1998) .
332
Dried transgenic T 1 seeds were selected based on fluorescence signal in the seed coat and 333 sown on soil for seed production. T 2 transgenic seeds were harvested and selection of five 334 independent single-locus insertion lines (75% of fluorescent seeds) was done. Seeds were 335 sown on soil for seed production and expression of the transgene was verified by RT-qPCR.
336
From these lines, at least two and maximum five independent T 3 homozygote lines for each 337 accession were selected for further experiments. All plants were grown in soil under a 16-338 hours day/8-hours night regime at 21°C in a growth chamber.
339
For GA treatments, the 17 accessions were grown in soil until 14 days after stratification, 340 and plants were sprayed every second day with 1 ml of 50 μM GA 3 containing 0.1% (v/v) Tween-80 341 or Mock (Ribeiro et al., 2012) . Leaf series were made when plants were 25 days old. 342 analysis on leaf 1 and 2 was done as previously described (Andriankaja et al., 2012) and 353 allowed calculating pavement cell number, area and circularity and stomatal index and density.
343
Phenotypic Analysis
344
Measurement of thirteen leaf size-related parameters in seventeen accessions
354
Ploidy levels of leaf 1 and 2 were measured and the endoreduplication index was calculated as 355 previously described (Claeys et al., 2012) . The measurements of fresh and dry weight, total 356 leaf number, leaf 1 and 2 and total rosette area and endoreduplication index were obtained Rosette-expressivity is defined as the ratio of a transgenic line rosette area to that of 386 the wild-type. In the case of rosette-expressivity per accession, the mean of rosette-387 expressivity per transgenic line for an accession has been taken.
389
Hormone Analysis
390
The shoot of seedlings grown in soil until stage 1.03 (Boyes et al., 2001) , tZOG, tZROG, cZROG, tZRPsOG, DZ9G, iP7G, and iP9G) , and JA were measured as 396 described previously (Kojima et al., 2009; Shinozaki et al., 2015) . The hormone data were qPCR). RT-qPCR was performed as previously described (Claeys et al., 2012) . 
RNA Sequencing Analysis
420
Library preparation was done using the TruSeq RNA Sample Preparation Kit v2 421 (Illumina). In brief, polyA-containing mRNA molecules were reverse transcribed, double-422 stranded cDNA was generated and adapters were ligated. After quality control using 2100 423 Bioanalyzer (Agilent), clusters were generated through amplification using the TruSeq PE
424
Cluster Kit v3-cBot-HS kit (Illumina) followed by sequencing on a Illumina HiSeq2000 with version 0.0.13): reads where globally filtered in which for at least 75% of the reads the quality 430 exceeds Q20 and 3' trimming was performed to remove bases with a quality below Q10. Re-431 pairing was performed using a custom Perl script. Reads were subsequently mapped to the 432 Arabidopsis reference genome (TAIR10) using GSNAP (Wu and Nacu, 2010) (version 2011-433 12-28) allowing maximally two mismatches. The concordantly paired reads that uniquely map 434 to the genome were used for quantification on the gene level with htseq-count from the 435 HTSeq.py python package (Anders et al., 2015) . The analysis was implemented as a 436 workflow in Galaxy (Goecks et al., 2010) .
437
For the visualization of RNA-seq expression data and correlation analysis, count data was lines and wild type. The filter on the fold change requires a fold change higher than 1.5 for 459 each transgenic line of an accession in at least one accession.
460
Enrichment analysis was done in mapman (Ramšak et al., 2014) Heat maps are generated in Mev (v 4.9) (Howe et al., 2011) of correlation coefficients correlated in a higher degree than a tested correlation (r) to the 497 number of permuted correlations (n); with a formula (r+1)/(n+1) (North et al., 2002) . The 498 significant correlations, FDR<0.05, were visualized in Cytoscape (Cline et al., 2007) . 
567
The measurements and calculations can be found in Supplemental Table S2 . B, Basal GA 568 levels in 17 accessions. GA biosynthesis (GA20ox and GA3ox) and catabolic (GA2ox) 569 enzymes are indicated with different colours. GA20 and GA1 were not detected C, Basal 
